INTRODUCTION
G laucoma is the second major causes of blindness according to the WHO estimates [1] , with increasing intraocular pressure (IOP) and progressive damage of optic nerve which induced visual loss. According to the anterior chamber angle, glaucoma is divided into open angle and closed angle. The reasons for primary angle closure glaucoma (PACG) are varied, but the one that dominates is the extent of permanent peripheral anterior synechiae (PAS) closing asymptotically. The anterior chamber narrows progressively causing the pupillary block and then an increase in IOP.
Controlling the level of IOP is confirmed to reduce development of glaucoma. For treating angle-closure glaucoma (ACG), if the medication has little effort, the major surgical therapies attempt to widen the angle and increase the drainage of aqueous fluid by performing laser peripheral iridoplasty, antiglaucoma procedure such as trabeculectomy and bypass device implantation, as well as lens extraction. However, PAS may also reoccur even after the laser and filtering surgery and reduce the aqueous flow [2] . PACG with coexisting lens opacity are the leading causes of visual impairment for elders, which would affect female in Asian regions especially [3] . According to previous studies, the combination of cataract extraction and trabeculectomy results in a more significant decrease of IOP after the surgery, but there might be more postoperative complications [4] . Many studies indicated that phacoemulsification (phaco) alone with foldable intraocular lens (IOL) implantation is a conservative treatment in deepening the anterior chamber depth and reducing IOP [5] [6] [7] . Cataract surgery has been proved effective for controlling the IOP, due to the advanced surgery technics, clear lens extraction gradually became an alternative for treating PACG nowadays [8] . Goniosynechialysis (GSL) was first described as a procedure in 1984 by Campbell and Vela [9] and was performed with phaco in 1999 [10] , which became a potentially economic alternative for surgeons to decrease IOP instead of trabeculectomy. Several studies indicate that standard cataract surgery combined with GSL is a more effective and safe treatment in reducing IOP than routine cataract extraction alone [11] [12] [13] [14] [15] . However, a few trials found that the combination procedure has no advantage to control the IOP appropriately [16] . It is not clear how much the IOP controlling and medication decreasing effect can be contributed to the phaco alone or with GSL based on clinical evidence and follow-up data. This has been an important and controversial issue to compare which intervention for treating glaucoma and cataract is safer, more effective, and has more stable outcomes, fewer complications than the others. This analysis aims to address these problems based on published international cross randomized controlled trials (RCTs). To our knowledge, this is a Meta-analysis which firstly compares the phaco surgery alone and with GSL.
MATERIALS AND METHODS
This Meta-analysis was carried out by following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. The risk of bias was evaluated by the Cochrane Handbook for Systematic Reviews of Interventions. All seven included studies' protocols were followed the tenets of the Declaration of Helsinki and were approved by their local ethics committees. Literature Search Strategy We conducted a systemic literature search on September 17, 2018, by two authors independently in the PubMed, EMBASE, Cochrane Library, ClinicalTrials.gov from their inception to September 2018. The search strategy included the following terms: 'phacoemulsification OR cataract extraction', 'goniosynechialysis OR viscogonioplasty', 'angle-closure glaucoma', 'cataract'. All references were managed by EndNote X8 (Thomson Reuters, New York, NY). The searching work was updated before the statistical analysis performed in case of any latest relative reports published was missed. We search the reference of every involved study to check the potential additional relative RCTs. We also examined the ongoing clinical trials registered on ClinicalTrials.gov, but none of them had posted results yet. Study Selection The following inclusion criteria were considered when screening the studies: 1) The study must be RCTs; 2) The patients recruited in RCTs were adults diagnosed with PACG/ACG, PAS and coexisting lens opacity;
3) The patients meeting inclusion criteria randomized to phaco and IOL implantation group or combined with GSL group. Viscogonioplasty (VGP) which means no intraocular instruments, but only viscoelastic material was used to break the PAS during the operation was also included; 4) The main outcome of preoperative and postoperative IOP as well as the number of medications using must be reported; 5) The last follow-up time must be at least two months or longer. The studies were excluded if they meet the following criteria: 1) Retrospective cohort, prospective cohort studies or prospective case series; 2) The postoperative follow-up period was less than two months; 3) The sample size of each group was less than 10. Data Collection and Quality Assessment A table of summary findings for the primary comparison was presented, which indicates the illustrated comparative risks. Two review authors independently assessed the included studies for their methodological quality. According to the Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0), we consider the following domains: 1) Random sequence generation (selection bias): whether the sequence allocation was generated by random approaches; 2) Allocation concealment (selection bias): whether the allocation sequence was implemented without foreknowledge; 3) Blinding of participants and personnel (performance bias): who was blinded and whether the blinding methods affect the outcomes; 4) Blinding of outcome assessment (detection bias): any blinding was used and whether it had effects on outcomes assessment; 5) Incomplete outcome data (attrition bias): whether all the predetermined outcomes were reported; 6) Selective reporting (reporting bias): whether all the main outcomes in protocol were reported clearly; 7) Other bias: source of funding and conflicts of interest. Each domain was graded as: low risk of bias, high risk of bias or unclear risk. If the methodology was not reported in the study, the domain was graded as 'unclear risk'.
We collected the data of mean preoperative IOP measured by Goldmann applanation, mean postoperative IOP at 3, 6 and 12mo, changes of IOP at 12mo after the surgery compared with the baseline, the number of anti-glaucoma medication used after the surgery when needed at 6 and 12mo. The quality of evidence for outcomes was assessed by two independent reviewers using the Grading of Recommendation Assessment, Development, and Evaluation (GRADE) approach. We considered the following reasons for upgrading or downgrading: the substantial statistical heterogeneity, risk of bias, confidence interval and numbers of subjects. Statistical Analysis This Meta-analysis was performed using Review Manager version 5.3.5 (The Nordic Cochrane Center, Copenhagen, Denmark). Due to the small amount of studies included, the sensitivity analysis was not performed in this review. Considering all involved reports that met the inclusion criteria, none of them were assessed as high risk of bias on sequence generation and allocation concealment. Therefore, we extracted the available information and numerical results of the publishing text. No extra data was added to the analysis. The main outcomes were continuous scale, including the mean values of IOP, the mean change of IOP, the number of antiglaucoma medication using postoperatively at different followup point. The mean values and the mean difference (MD) of the total studies were calculated. The fixed and randomized effect model was used depending on the heterogeneity. The heterogeneity was tested by calculating the I 2 , and the P-value. We considered the I 2 <50% or the P-value greater than 0.1 indicating the acceptable low heterogeneity and the fixed effect model was applied, otherwise the significant heterogeneity, the randomized model was used. Publication Bias We did not have enough studies (n=7) to examine the funnel plots of these two interventions. We researched the consensus through discussion and retrieved if disagreement occurs.
RESULTS Search Results
We search several main electronic databases from their inception to September 2018, including 68 from PubMed, 92 from EMBASE, 22 from Qvid, 6 from Cochrane Library and 3 from ClinicalTrial.gov. We removed 58 duplicate reports manually. Two independent reviewers identified the titles and abstracts of 133 records and excluded 120 reports for reasons: 20 were case reports or case series; 7 were reviews or Meta-analysis; 3 were letters, editorial opinions or comments; 20 were irrelevant topics; 31 were not RCTs and 39 of the study designs including other surgeries such as trabeculectomy, bypass device implantation etc. The remain 13 studies were screened full-text, and six of records were excluded for reasons as follows: 5 were not reporting the required outcomes or the follow-up time less than 1mo, and 1 was comparing the GSL surgery alone with the phaco-GSL surgery. The remaining seven randomized clinical studies met the inclusion criteria were finally included in this review [11] [12] [13] [16] [17] [18] [19] . The process of studies selection is presented in Figure 1 . Study Characteristics Analysis of the 7 included RCTs, with a total of 321 participants (358 eyes) diagnosed with ACG and coexisting cataract, received a solo cataract procedure or a phaco-GSL surgery randomly. All participants recruited in these seven included studies underwent standard phaco through a clear corneal incision, and IOL implantation under general or peribulbar anesthesia. For subjects who were randomized to phaco-GSL surgery group, GSL was performed after the IOL implantation. The intervention of three studies was VGP, which means injecting much viscoelastic material near the angle to break the PAS, carefully avoiding the damage of surrounding structures, without using any surgical instrument. The remaining three studies, operators performed GSL not only using viscoelastic, but a blunt cyclodialysis spatula was also used for pressing the spatula on the peripheral iris next to the point of angle adhesion and exposing the meshwork. At the end of surgery, the remaining viscoelastic was removed. Four studies used the direct gonioscopy lens during the operation for better visualizing in. The above work was repeated for surgeons to confirm that the most peripheral extent had been eliminated at the end of the operation. The scale of the population varies from minimum 11 to maximum 50 participants in a group. The characteristic of the 7 studies was summarized in Table 1 . Only 1 study [19] was published full-text in Chinese, but with English version abstract, the other articles were in English. Among these studies, 4 of them were conducted in Asia (China, Iran, Korea, and Singapore), remaining 2 were both conducted in the United Kingdom. All studies were conducted at one site, but Vol. 12, No. 5, May 18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com one was a multicentral trial through Singapore [11] . Only one included study [18] reported the ethnicity of subjects, others did not give the details. Table 2 summarized the main outcomes before and the last visit after the surgery. Two studies did not give the specific data of antiglaucoma medication numbers but one of them reported the IOP well-controlled rate without medication use (52% in Phaco-GSL group versus 36% in the phaco group). Comparing of the extant of PAS in quantity could help understand the effect of surgical procedure, three studies reported the value of PAS in degree and one recorded it as the number of clock hour, one showed the other parameters of anterior chamber angle: angle opening distance (AOD), trabecular-iris space area (TISA), angle recess area (ARA) as well as scleral spur [12] reported the percentage of patients whose IOP were controlled without medication, instead of the specific numbers of antiglaucoma medications. The gonioscopic examination were performed before and after the surgery, but the value of the parameters was not available in the study; b Shao et al [13] used the anterior segment optical coherence tomography (AS-OCT) device to record the image of anterior chamber angle of different angles, and measured the parameters of AOD, TISA, ARA as well as SSA; c Xu et al [19] reported the visual acuity, IOP, visual fields and the central anterior chamber depth before and after the surgery.
angle (SSA). The follow-up periods ranging from 2 to 12mo. Because of differences in observation outcomes measurements and varies follow-up times, not every trial was involved into many of the outcomes analyzed in this review. The unit of analysis was almost one eye of one participant. Three studies included both eyes of one patient [12, 17, 19] . We included the data of both eyes in this review, but the specific random sequence generations of eyes or patients were not reported clearly. Each risk of bias for included studies was summarized according to authors' judgement and discussion ( Figure 2) . Main Outcomes The primary objectives of this Meta-analysis including IOP measured by Goldmann applanation at baseline or after the surgery (Figure 3 ), postoperative numbers of antiglaucoma medications (Figure 4) , and complications occurred intraoperatively and postoperatively. The involved studies showed that the mean value of IOP at 3 (four studies, one study follow-up at 2mo after surgery was included), 6, 12mo postoperative were not significantly different between the groups. Only two studies reported the change in IOP compared with baseline, the outcome showed no significant differences in IOP decrease between the two interventions. Although 3 studies showed no significant difference in the number of medications using to reduce IOP at 3mo postoperatively, 2 studies reported that the participants using fewer anti-glaucoma medications at 12mo postoperative in the phaco-GSL surgery group than in the cataract surgery alone group. The quality of the evidence (Table 3) was graded from very low to moderate. We downgraded for the following reasons: substantial statistical heterogeneity, the risk of bias assessed as unclear or high, wide confidence interval and small numbers of participants. Seven involved studies reported a few complications: intraoperative hyphema was the most common events, other complications included postoperative inflammation, fibrin reaction, PAS recurrence, IOP spike, macular edema. One patient had a posterior capsule rupture during the cataract extraction and requiring an anterior vitrectomy. None of the included studies reported the serious complications during the surgery and follow-up periods. According to the GRADE Wording Group of evidence, High certainty means that the true effect lies close to that of the estimate of effect with high confidence. Moderate certainty means the true effect is likely to be close to the estimate of the effect with moderate confidence, there is a possibility that it is substantially different. Low certainty means the confidence in the effect estimate is limited, the true effect may be substantially different from the estimate of the effect. Very low certainty means with little confidence in the effect estimate, the true effect is likely to be substantially different from the estimate of effect. DISCUSSION This review included seven RCTs of 358 eyes with glaucoma and coexisting cataract. All studies found a certain effect for reducing the IOP of both standard phaco alone and the combination of phaco and GSL, but it showed the different outcomes of the comparison. We did not find a significant difference between the values of IOP at 3, 6 or 12mo. Although the phaco-GSL surgery group seemed to lower more IOP than the cataract surgery group, 2 trials found no significant difference between the two groups the change of IOP from baseline to 12mo after the surgery. The total analysis in this study provided low-quality evidence of significant difference in efficacy and safety of phaco with GSL. Five of them reported respectively a better IOPlowering effect of phaco-GSL surgery and 2 of them found no additional benefits of GSL. Some patients in both groups needed to use medications to help better control the IOP postoperatively. The numbers of drug using at 6mo were reported in 3 studies. One study [13] found that the phaco-GSL surgery lead to a significant effect of decreasing the number of medications, all 23 patients in phaco-GSL surgery group was in no need of using eye drops, which make the data of this study not estimable in our analysis. For the other 2 studies, the forest plot showed significant heterogeneity between them.
The cause of these difference results may be the variability of surgical techniques, the ethnicity of participants, and the small number of subjects. Despite certain outcome of decreasing the IOP has been achieved in researches, lots of factors are still unknown and its exact mechanism was not clearly demonstrated. It has been reported that the cataract extraction has significant IOP-lowering effect. A large multicentral RCT conducted cross five countries provided high quality of evidence that the clear-lens extraction is a cost-effective intervention for PACG and primary angle-closure with high IOP [8] . Extraction of the lens increases the peripheral anterior chamber depth and widens the anterior chamber angle, which may contribute to the facility of aqueous outflow, and avoid the high risk of complication occurrence after the trabeculectomy. Several previous studies, including retrospective and prospective researches, have also proved the phaco combined with GSL was an effective option to decrease the IOP for ACG [15, [20] [21] [22] [23] . However, it is still to be considered which procedure plays the most important role in IOP reduction: lens extraction, GSL or its combination. It must be pointed out that the intervention of phaco alone may also have the same effect of deepen the anterior chamber. Injecting viscoelastic and irrigation of the balanced salt solution (BSS) produce pressure during the surgery and lead to the result similar to GSL. On the other hands, these results may suggest that the closed angle is not merely the source of IOP increasing, but the dysfunction of the trabecular meshwork due to the continuous synechiae. The extent and duration of PAS before the surgery have effect on the success of surgery. Therefore, reducing the extent the PAS may not exactly reopen the anterior chamber angle, or will not help eliminating the block of aqueous outflow drainage pathway. This analysis does have several limitations, including the difference of preoperative IOP and two kinds of surgical procedure (GSL and VGP). The preoperative IOP is an essential influencing factor of IOP decrease after the surgery. One study [18] showed the significant difference of the preoperative IOP between two groups which contribute to a higher heterogeneity of the total analysis.
Breaking the PAS by injecting viscoelastic materials without instrument was set to be performed in the intervention groups in three of these included studies. Ong et al [24] compared the peripheral anterior synechialysis by using either a spatula or viscoelastic in patients with PACG and reported that the participants achieved lower IOP, less medication use and less adverse events by undergoing VGP. We try to group all the studies according to the type of intervention surgeries, but there is no significant effect in decreasing the heterogeneity. Therefore, the subgroup analysis was not performed in this Meta-analysis. The other limitation is that the extent of postoperative PAS was not reported in every study and was measured by different methods including anterior segment optical coherence tomography (AS-OCT), swept-source optical coherence tomography (SS-OCT) or gonioscopy in various time points, it could not directly compare the values of the anterior chamber structure in details at different follow-up time after surgery. Instead of reporting the change of PAS degree, one study [18] measured the facility of aqueous outflow after the interventions and showed that the phaco-GSL procedure significantly increased the tonographic aqueous outflow (TOF) and reduced the IOP as well as the number of medications. It may contribute to providing evidence of which procedure could decrease IOP effectively or postpone the rate of PAS recurrence. Overall, the available data reported in all seven included studies were inconsistency, there are no satisfactory and certainty to conclude which procedure is more effective and safer than the other. This is the first Meta-analysis that investigates the comparison of phaco alone and phaco-GSL surgery. Further trials should design a standard protocol prospectively that listed out the sequence generation, allocation concealment, The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%CI).
Phacoemulsification with goniosynechialysis
Int J Ophthalmol, Vol. 12, No. 5, May 18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com blinding methods and outcome assessment criteria in details, in order to minimize the bias and upgrade the certainty of evidence. Especially, the preoperative and postoperative anterior chamber angle parameters, such as extent of PAS degree, the aqueous outflow facility and extra data should be measured and compared in detail in further studies.
